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[57] ABSTRACT 

Disclosed is an adjustable choke valve having opposed 
abutting discs which have apertures passing 
therethrough for adjustably varying'the ?ow of ?uid 
through the valve as one disc is rotated with respect to 
the other. The opposed mating surfaces of the discs 
are covered with coatings of dense impermeable 
material having a hardness of at least 2,700 on the 
Knoop scale and are polished to provide an effective 
?uid seal therebetween. Also disclosed are methods 
for fabricating steel discs with titanium carbide coated 
graphite inserts in the opposed mating surfaces. 

3 Claims, 4 Drawing Figures 
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ADJUSTABLE CHOKE VALVE 

This invention relates to valve assemblies and 
methods for fabrication thereof. More particularly this 
invention relates to adjustable choke valves used 
primarily for controlling the ?ow of high pressure 
liquids such as crude petroleum and the like. 

Adjustable choke valves of various types have been 
widely used throughout the petroleum industry. Such 
valves are typically placed at or near the well head and 
are used to adjustably vary the ?ow of crude petroleum 
from the well head. 

Conventional choke valves usually comprise a pair of 
cylindrical discs secured within the valve housing. One 
of the discs is usually ?xed with relation to the housing. 
The other disc is positioned adjacent and abutting the 
?rst disc and rotatable with respect thereto in a plane 
normal to the ?ow of ?uid through the valve. Each of 
the discs has at least one hole passing transversely 
through the disc displaced from the center thereof so 
that upon rotation of one disc the hole therein passes in 
registry with the hole in the other disc, thereby varying 
the diameter of the aperture passing through the valve. 
In this manner the position of the second disc with 
respect to the ?rst disc may be used to control the ?ow 
of fluid through the valve. Obviously when the holes 
are not aligned the ?uid ?ow through the valve is 
completely stopped. 

In choke valves of the design described, the opposed 
abutting faces of the discs must be adapted to mate 
uniformly. Ordinarily the opposed surfaces are ground 
to a high degree of ?atness and polished so that the 
mating surfaces match and form an effective seal. How 
ever in ordinary use, since conventional valves are 
made of steel and the like, the valve members, particu» 
larly the discs, are subject to damage and deterioration 
from abrasion and corrosion by materials entrained in 
the ?uid stream. For example, sand particles and other 
abrasive materials are commonly entrained in crude 
petroleum and cause excessive damage to the polished 
opposed surfaces of steel discs of the type described. 
Likewise, crude petroleum may contain large amounts 
of hydrogen sul?de gas or other corrosive materials 
which attack and corrode or otherwise deteriorate the 
valve surfaces. Furthermore, the choke valves of the 
type described are generally used at the well head to 
control crude oil under pressures sometimes as high as 
l0,000 psi. For these reasons, abrasion and corrosion 
of the valve‘ surfaces rapidly shortens the usable 
lifetime of the valve and renders it inoperable for the 
intended use. 

In accordance with the present invention an im~ 
proved choke valve of the general design described 
above is provided. In the improved valve protective 
coatings of extremely hard corrosion resistant materials 
such as titanium carbide or silicon carbide are formed 
on the opposed abutting surfaces of the valve discs. In 
one embodiment of the invention the opposing surfaces 
of the valve discs as described above are covered with a 
coating of a vapor deposited titanium carbide and 
polished to form a ?at surface. In an alternate embodi 
ment of the invention the opposed discs are of a unique 
design and are fabricated from a graphite body having a 
silicon carbide coating formed on the surface thereof to 
provide an extremely hard and corrosion resistant sur 
face. A particular advantage and feature of the inven 
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2 
tion is the provision of a choke valve which is both cor 
rosion resistant and sufficiently hard to resist abrasion 
by abrasive materials contained in crude petroleum 
streams. Other features and advantages of the inven 
tion will become more readily understood from the fol 
lowing detailed description taken in connection with 
the appended claims and attached drawings. 

FIG. 1 is a sectional view of a choke valve illustrating 
one embodiment of the invention; 

. FIG. 2 is a sectional view of a choke valve illustrating 
another embodiment of the invention; 

FIG. 3 is a perspective view of the insert disc in the 
choke valve of FIG. 2; and 

FIG. 4 is a schematic drawing of a process system for 
producing valve surfaces in accordance with the 
present invention. 

Referring now to FIG. 1, there is ‘illustrated a choke 
valve of the. general type described. The valve com 
prises a housing 10 having an inlet 11 and outlet 12. 
Direction of ?uid ?ow through the valve is indicated by 
the arrows. A sleeve 13 fits within the exit side of the 
valve and is supported therein by end piece 14. End 
piece 14 is secured in place by means of bolts 16. The 
end of sleeve 13 opposite end piece 14 has an annular 
shoulder 15 for supporting one of the valve discs. 
A ?rst valve disc 17 is ?xedly secured to the shoulder 

15 in sleeve 13. In the illustration shown disc 17 has a 
pair of bores 18 and 19 passing therethrough. Bores 18 
and 19 are diametrically displaced on opposite sides of 
the center of the disc 17. 
A follower disc 20 is positioned adjacent one face of 

disc 17, one face thereof mating with the opposed face 
of disc 17. The opposite face of follower disc 20 has a 
transverse, groove 21 therein which is adapted to mate 
with a turning fork 22. Turning fork 22 is supported by 
shaft 30 which is rotatably journaled within end piece 
23. End piece 23 is secured to the end of the valve 
housing 10 by means of bolts 24. Suitable gaskets 25 
may be used to effectively seal the valve housing 10 and 
end pieces 14 and 23. 
The follower disc 20 also has a plurality of bores 26 

and 27 passing therethrough. Bores 26 and 27 are also 
diametrically displaced from the center of the follower 
disc 27 so that upon rotation of follower disc 20 bores 
26 and 27 periodically pass in registry with bores 18 
and 19 in the first disc 17. 

Follower disc 26 is snugly con?ned within the valve 
housing 10 and adapted for rotation with respect to 
?rst disc 17 by means of turning fork 22. It will be ob 
served, therefore, that ?uid passing through the valve 
enters inlet 11 and passes through the bores 26 and 27 
in the follower disc, then through bores 18 and 19 in 
disc 17, and exits through outlet 12 when bores 18 and 
19 are aligned with bores 26 and 27, respectively. How 
ever upon rotation of follower disc 20 the bores passing 
respectively through follower disc 20 and disc 17 
become misaligned, thereby constricting the flow. As 
follower disc 20 is rotated further, the bores become 
fully misaligned and ?ow through the valve is 
completely stopped. 

Since the efficiency of the valve described is wholly 
dependent upon maintaining a ?uid-tight seal between 
the mating opposed surfaces of disc 17 and follower 
disc 20, it is essential that the mating surfaces be main 
tained substantially ?at and parallel. 
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While the valve is in the open position (as shown in 
FIG. 1) the . ?uid passing through the valve passes 
directly through the holes 26-18 and 27-19 and thus 
has little effect on the mating surfaces of the valve. 
However, when the valve is partially closed the portion 
of the surface of disc 17 which partially obstructs the 
holes passing through the discs is exposed to the ?uid 
passing through the discs. Abrasive materials, such as 
sand particles and the like, contained in a ?uid under 
high pressures have a substantially deteriorating e?'ect 
on conventional surfaces and cause abrasion thereof. 
Furthermore, as the valve is closed, abrasive particles 
may be caught between the mating surfaces causing 
scratching and scoring of the mating surfaces. Such 
deterioration of the mating surfaces results in failure of 
the sealing ability of the valve. After substantial deteri~ 
oration the valve becomes inoperative for its desired 
use. 

It should also be observed that many ?uids contain 
highly corrosive materials which react with materials 
conventionally used for choke valves. Obviously, cor 
rosion of the mating surfaces causes irregularities 
therein and likewise results in leaking and failure of the 
valve. 

In accordance with the principles of this invention, 
the mating surfaces of disc 17 and follower disc 20 (as 
shown in FIG. 1) are coated with a dense, impervious, 
continuous coating 31 of vapor deposited material hav 
ing a hardness of at least 2,700 on the Knoop scale and 
polished to a ?atness of less than six helium light bands 
across the surface. ‘In accordance with one embodi 
ment of they invention, the discs 17 and 20 are formed 
from steel substrates 32 and‘ 33 coated with a titanium 
carbide layer 31. It has been discovered that steel discs 
coated with titanium carbide as described hereinbelow 
may be polished to a high degree of ?atness and, when 
used in the choke valve described with reference to 
FIG. 1, have a high resistance to both corrosion and 
abrasion. Therefore, choke valves constructed in ac 
cordance with this embodiment of the invention remain 
effective and ‘useful far longer than conventional 
valves, even when subjected to highly corrosive and 
abrasive ?uids. 

Various methods for producing titanium carbide are 
known in the art. Typical of such prior art methods is 
the chemical'vapor deposition process disclosed in US. 
Pat. No. 2,962,388 to Wilhelm Rupert et al. In the 
preparation of vapor deposited coating of titanium car 
bide on ferrous substrates, however, extreme care must 
be taken in selection of the substrate surface upon 
which the titanium carbide is to be formed. For the pur 
poses of this invention, we have discovered that 
satisfactory titanium carbide coatings can be formed on 
any hardenable steel containing at least 0.15 percent 
carbon when such coatings are formed by the process 
described herein. 

In the preferred method for forming discs 17 and 20 
of the device shown in FIG. 1, disc blanks are machined 
from hardenable steel containing at least 0.15 percent 
carbon. These disc blanks are precision ground to the 
con?guration of the desired disc but are of reduced 
dimensions. The dimensions of the blanks should be 
reduced by the thickness of titanium carbide to be 
deposited thereon. 
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4 
After the steel blanks are machined to the desired 

con?guration and dimensions and thoroughly cleaned 
they are placed in the apparatus of FIG. 4 as illustrated 
at 83. 
The preferred method of producing the discs in the 

valve of FIG. 1 is described with reference to the 
system illustrated in FIG. 4. The apparatus includes a 
sealable deposition chamber 70 comprised of an upper 
portion 71 and a lower portion 72. The upper and 
lower portions are removeably secured together by 
conventional means such as bolts 73, clamps or the 
like. Chamber 70 has an exhaust port 74 connected to 
an exhaust line 75 which is in turn connected to a con 
ventional vacuum pump or the like for removing gases 
from the deposition chamber. 
A rotatable table 85 is mounted on shaft 76 which 

passes transversely through the bottom of the deposi 
tion chamber 70 and is adapted for rotation by conven 
tional means. Rotatable table 75 is preferably con 
structed of a relatively inert material such as graphite 
or the like while deposition chamber 70 may be con 
structed of stainless steel or any other suitable material. 
A radiant heater 77 is secured below rotatable table 

75 interconnected to a suitable power source 90 for 
heating the material in the deposition chamber. Reac 
tants are injected into the reaction chamber through in 
lines 78 and 79 by way of control valves 80 and 81, 
respectively, and inject the reactants into nozzle 82. 
Nozzle 82 projects into the upper portion of the deposi 
tion chamber and directs the reactants toward the sur 
face of the rotatable table 75 and the steel blanks 83 
resting thereon. 

Steel blanks 83 are placed on rotatable table 75. 
After the deposition chamber is closed and sealed, it is 
evacuated and re?lled with dry hydrogen through inlet 
79, valve 81 and nozzle 82. When the chamber 70 is 
?lled with dry hydrogen the exhaust port 74 is opened 
and hydrogen allowed to ?ow through the chamber 70 
at a rate of about 25 to about 50 liters per minute. 
With hydrogen ?owing through the chamber 70 at 

essentially atmospheric pressure heater 77 is activated 
by passing current therethrough from current source 
90. The blanks 83 are heated to a temperature between 
about 900° C and about l,200° C and maintained at this 
temperature under ?owing hydrogen for about 15 to 
about 30 minutes to assure complete cleaning and out 
gassing of the blanks. Throughout the cleaning and the 
following deposition process, rotatable table 85 is 
rotated at a rate of about l-l5 rpm. It is thereby 
uniformly heated by radiant energy from the radiant 
heater 77 and all blanks 83 are maintained at a relative 
ly constant temperature. 

After the steel blanks 83 have been thoroughly 
cleaned as described above, the ?ow of hydrogen 
through the deposition chamber is stopped and 
hydrogen containing monochlorobenzene substituted 
therefor. Simultaneously with the introduction of the 
hydrogen and monochlorobenzene containing gas, a 
mixture of hydrogen and titanium tetrachloride (TiCh) 
introduced through line 78, valve 80 and into nozzle 
82. 

In the preferred embodiment of the invention, the 
composition of the reactant entering the deposition 
chamber 70 through nozzle 82 is approximately 0.75 to 
about 1.5 mole per cent TiCl4, 0.125 to about 0.25 
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mole per cent monochlorobenzene and the remainder 
hydrogen. 

It will be understood that within the gas composition 
ranges given an approximate stoichiometric relation~ 
ship should be maintained with respect to titanium and 
carbon in the reactant gas stream. Therefore, it will be 
apparent that the mole ratio of TiC], to C6H5Cl should 
be approximately 6:l. Throughout the deposition 
process the temperature of the steel blanks 83 is main 
tained at a temperature between about 900° C and 
about 1,200” C. Under these conditions a uniform 
dense coating of titanium carbide (TiC) is formed at a 
rate of approximately 0.1 to 0.5 mils per hour. 
When the desired thickness of titanium carbide is 

formed on the surfaces of steel blanks 83, the flow of 
reactants through nozzle 82 is stopped and pure dry 
hydrogen substituted therefor. The flow of current 
through radiant heater 77 is then stopped and the 
blanks 83 allowed to cool to substantially room tem 
perature in ?owing hydrogen. The deposition chamber 
20 is then flushed with nitrogen and the ?nished parts 
removed. 
‘After the titanium carbide coating is formed on the 

surfaces of steel blanks 83 as described above, the sur 
faces of the discs are ground to the required dimen 
sions. The opposed surfaces are polished to a surface 
?atness of about four helium light bands across the sur 
face and parallel to 10.002 inch. 

Titanium carbide coatings formed on steel substrates‘ 
as described above have been found to be adherently 
bonded to the steel surface and form a dense, continu 
ous, impervious layer. The surface hardness is about 
3,200 on the Knoop scale (using a 100 gram weight) 
and the density is 4.91 gm/cc. The compressive 
strength of this coating is about 2-5 X 105 psi and the 
material has been found to have essentially zero porosi' 
ty with a coating thickness of 0.001 inch. 

Partially because of the lack of porosity of the TiC I 
formed, coatings from about 0.0004 to about 0.00l 
inch thick formed on ?at parallelsurfaces of the steel 
discs described hereinabove have been found to be 
suitable for use in the valve described with reference to 
FIG. 1. Since the coating is harder than mostmaterials 
normally found in crude petroleum, and since the 
material is too dense to allow foreign particles to 
become embedded therein, abrasion of the opposed 
surfaces of the discs is substantially avoided. Ac~ 
cordingly valves constructed in accordance with this 
embodiment of the invention have a much longer usea 
ble life, even when subjected to fluids carrying highly 
abrasive particles. 

Referring now to FIG. 1, an alternative embodiment 
of the invention is shown. The valve illustrated in FIG. 
2 is similar in most respects to the valve disclosed in 
FIG. 1. Accordingly, like numerals are used to indicate 
like parts throughout the drawings. In the embodiment 
of FIG. 2 the valve discs are composite structures com 
prising steel carriers having inserts positioned in the op 
posed mating faces thereof. Accordingly, as illustrated 
in FIG. 2 the fixed choke disc 17 comprises a steel car 
rier plate 60 which has a recess in the top face thereof 
into which is fitted an insert 61. Likewise, follower disc 
20 comprises a steel carrier plate 611 having a recess in 
one face thereof into which is fitted a follower disc in 
sert 63. 
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6 
It will be observed in the embodiment illustrated in ' 

FIG. 2 inserts 61 and 63 are fitted in recesses in the op 
posed faces of valve discs 17 and 20 so that contact 
between the valve discs is limited to the opposed 
abutting faces of the inserts. It will also be observed 
that inserts 61 and 63 are also composite bodies com 
prising substrates 64 and 65 coated with a hard, dense 
coating 66. In this manner the discs 17 and 20 may pos 
sess the strength and rigidity of steel and yet have op~ 
posed abutting surfaces comprised of materials which 
cannot be formed directly on steel substrates. ' 

In producing the inserts 61 and 63 care must be 
taken to select a substrate upon which a coating having 
the desired properties can be effectively deposited and 
will firmly adhere. It has been discovered that silicon 
carbide coatings having the desired properties can be 
effectively formed on graphite bodies to form a com 
posite insert body as described hereafter. 

In order to form adherent silicon carbide coatings on 
a graphite substrate, the graphite must have a high 
coefficient of thermal expansion. Accordingly, insert 
blanks 41 such as illustrated in FIG. 3 are machined to 
the desired con?guration and dimensions from high 
grade, high expansivity graphite, preferably Speer 
grade 9,345. This grade of graphite has a coefficient of 
thermal expansion of 5.0 X 10‘6 cm/cm and is relatively 
well matched tothe coefficient of thermal expansion of 
silicon carbide. The graphite blanks are then coated 
with silicon carbide as is described hereinafter with 
reference to FIG. 4. . 

Graphite blanks 41 (referred to in FIG. 4 as 83) are 
placed on rotating table 75, and the deposition 
chamber sealed. , 

The chamber is then evacuated and re?lled with dry 
hydrogen through line 79, valve 81 and nozzle 82. Ex 
haust port 74 is then opened and dry hydrogen allowed 
to pass through the deposition chamber 70 at a rate of 
50 to about 150 liters per minute. 
With hydrogen flowing through the chamber 70 at 

essentially atmospheric pressure heater 77 is activated 
by passing current therethrough from current source 
90. The graphite blanks 83 are heated to a temperature 
of between about l,000° C and 1,400°C and main 
tained at this temperature for about 10 to about 15 
minutes with dry hydrogen ?owing through the deposi~ 
tion chamber to assure complete cleaning and out~ 
gassing of the graphite blank. Throughout the cleaning 
and following deposition process rotatable table 85 is 
rotated at the rate of about l-lS rpm. It is thereby 
uniformly heated by radiant energy from the radiant 
heater 77 and all blanks 83 are maintained at a relative 
ly constant temperature. 

After the graphite blanks 83 have been thoroughly 
cleaned as described above, the flow of hydrogen in the 
deposition chamber is stopped and hydrogen contain 
ing silicon tetrachloride (SiCh) substituted therefor. 
Simultaneously with the introduction of hydrogen and 
silicon tetrachloride containing gas, mixture of 
hydrogen and toluene is introduced through line 78, 
valve 80 and into nozzle 82. 

In the preferred practice of the invention, the com 
position of the reactant gas entering chamber 70 
through nozzle 82 is approximately 2-10 mole percent 
silicon tetrachloride, 0.3 to about 1.5 mole percent 
toluene and the remainder hydrogen. It will be un 
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derstood that within the gas composition ranges given 
an approximate stoichiometric relationship should be 
maintained with respect to silicon and carbon in the 
reactant gas stream. Therefore, it will be apparent that 
the mole ratio of SiCl4 to C6H5CI-I3 should be approxi 
mately 7: 1. Throughout the deposition process the tem 
perature of the graphite blanks is maintained at a con 
stant temperature between about l,000° C and about 
1,400°C. Under these conditions a uniform dense coat 
ing of silicon carbide is formed on the surface of the 

. graphite blanks at rates up to 40 mils per hour. 
When the desired thickness of silicon carbide is 

formed on the surface of the graphite blanks 83 the 
flow of reactants through nozzle 82 is stopped and pure 
dry hydrogen substituted therefor. The ?ow of current 
through radiant heater 77 is then stopped and the 
blanks allowed to cool to substantially room tempera 
ture in ?owing hydrogen. The deposition chamber 70 is 
then ?ushed with nitrogen and the ?nished product is 
removed. ' 

After the silicon carbide coating is formed on the 
surfaces of the graphite blanks as described above, the 
surfaces of the discs are ground to the required dimen 
sions. The opposed surfaces are then polished to a sur 
face ?atness of about four helium light bands across the 
surface. These inserts are then secured within the 
depressions in steel carriers 60 and 62 with a suitable 
adhesive or by other conventional means. A suitable 
adhesive for securing the inserts within the steel car 
riers has been found to be adhesive epoxy cement 
manufactured by the Armstrong Company, Warsaw, 
Ind., marketed under the trade name Armstrong A-2 
Adhesive. Steel carriers>60 and 62 having inserts 61 
and 63 secured therein as described above may then be 
placed in the valve housing 10 as illustrated in FIG. 2. 
Vapor deposited silicon carbide coatings produced 

as described above have been found to have a density 
of 3.22 grams per cubic centimeter and a surface hard 
ness of 2,740 on the Knoop scale (using a 100 gram 
weight). The material is also found to have an excellent 
resistance to oxidation up to temperatures as high as 
l,500°C. This material also has been found to have a 
compressive strength of about 1 19 X 103 psi and essen 
tially zero porosity with a coating thickness of at least 
0.005 inches. Accordingly, due to the above listed 
characteristics, valve discs fabricated in accordance 
with this invention are essentially resistant to attack by 
any corrosive material contained in ?uid streams such 
as crude petroleum and the like. Furthermore, because 
of the extreme surface hardness of the material, abra 
sive materials contained in a ?uid stream passing 
through the choke valve have little effect on the silicon 
carbide surfaces of the valve. 

Graphite bodies coated with silicon carbide 0.005 
inch thick polished to a surface ?atness of four helium 
light bands across the surface and mounted in steel car 
riers as described above may be effectively used as the 
choke discs 17 and 20 shown in FIG. 2. The opposed 
abutting surfaces of SiC should be parallel to 10.002 
inch. In this structure the opposed mating surfaces, 
which are harder than most substances found in crude 
petroleum, are highly resistant to abrasive damage. 

If desired a third embodiment of the invention may 
be produced by ?rst coating the steel carrier discs 60 
and 62 with titanium carbide as described hereinabove 
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prior to securing the silicon carbide coated graphite in 
serts 61 and 63 therein. In this embodiment of the in 
vention the steel carrier discs are protected from corro 
sive or abrasive action of ?uids passing through the 
valve by the titanium carbide coating while the mating 
surfaces of the valve discs are protected by the silicon 
carbide coating as described hereinabove. Likewise, 
other portions of the valve, such as the'steel collar 13 
may be coated with titanium carbide to effectively pro 
tect the portions of the valve which are most suscepti 
ble to corrosion and abrasion by ?uids ‘passing 
therethrough, thereby producing a valve in which all 
portions subject to deterioration by either corrosion or 
abrasion are effectively protected by extremely hard, 
impermeably dense coatings which lengthen the usea 
ble life of the valve. 
While the invention has been described with particu 

lar reference to speci?c embodiments thereof, it is to 
understood that the forms of the invention shown and 
described in detail are to be taken as preferred embodi 
ments of same, and that various changes and modi?ca 
tions may be resorted to without departing from the 
spirit and scope of the invention as de?ned by the ap 
pended claims. 
What is claimed is: 
1. A choke valve comprising: 
a. a housing having an inlet and an outlet, 
b. a ?rst disc ?xedly mounted within said housing 
between said inlet and said outlet and having an 
aperture therein, ' 

c. a second disc rotatable mounted within said hous 
ing, one face of said ?rst disc contacting and mat 
ing with one face of said second disc, said second 
disc having an aperture therein which periodically 
passes in registry with said aperture in said first 
disc when said second disc is rotated, 
a coating of dense, impermeable material having a 
hardness of at least 2,700 on the Knoop scale and 
having a variation in surface ?atness of less than 

' six helium light bands covering the mating surfaces 
of said ?rst and second discs, said discs being com 
prised of: , 

_e. steel carrier plates having recesses in said mating 
surfaces, and 

f. insert members secured within said carrier plates, 
said insert members comprising bodies of graphite 
having a coating of silicon carbide on the exposed 
surface thereof. 

2. A choke valve as de?ned in claim 1 wherein the 
exposed surfaces of said carrier plates are covered with 
a dense impermeable coating of titanium carbide. 

3. In an adjustable choke valve having a housing with 
an inlet and an outlet, a choke disc having at least one 
aperture therein positioned between said inlet and said 
outlet, a follower disc abutting said choke disc and 
rotatable with respect thereto, said follower disc also 
having at least one aperture passing therethrough and 
positioned to periodically pass in registry with said 
aperture in said choke disc as said follower disc is 
rotated, and means for rotating said follower disc, the 
improvement comprising: 

a. a choke disc and a follower disc having depres 
sions in the abutting surfaces thereof; 

b. bodies secured within said depressions in said 
choke disc and said follower disc, said bodies hav 
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ing a coating of dense, impermeable material hav- six helium light bands; and 
ing a thickness of at least 0-005 inch and a hard‘ ' c. said bodies being comprised of graphite‘ coated 
ness of about 2,740 on the Knoop scale covering 

. . . . . 'th a continuous layer of silicon carbide intimate the mating surfaces of said bodies, said mating sur- W1 - - 
faces further being parallel to i0.002 inch and 5 1y bonded to Sald graphlte' 
having a variation in surface ?atness of less than * * * * “" 
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